It is essential to decrease RC delay in order to increase the IC device speed. Cu is now adopted to decrease the resistivity of interconnects. Several low k materials have been studied to decrease the dielectric constant. Ag is one of the candidates after Cu as a low resisitivity interconnect metal although it has not yet been adopted in the actual products. It is also studied to decrease the effective dielectric constant values by considering the device configuration such as the cap layer only on the metal. Co-W-P is reported as one of the cap material candidates for Cu. Ni-B is proposed herein as the cap material for Cu and Ag. The study results confirmed that an Ni-B layer can be selectively deposited on Ag metal by the electroless plating method, using DMAB (dimethylamine borane) as the reducing agent; that a deposition rate of 150 nm/min and a B content of 3.2 at% can be obtained under conditions of pH 10 and 353 K; that an Ni-B layer with a 3.2 at%B content provides a barrier effect that prevents Ag and Cu diffusion through thermal processes (in this case, Ni-B remained crystalline before and after a thermal process); and that an Ni-B layer with a 13.5 at%B content does not provide a barrier effect that would prevent Cu diffusion through thermal processes (in this case, the Ni-B structure changed from amorphous to crystalline after the thermal process). Damascene interconnects with Ag metal and a Ni-B cap layer were also formed as part of the trial effort.
Introduction
As discussed in the International Technology Roadmap for Semiconductors (ITRS), the history of semiconductor devices can characterized by two trends: finer node scaling and larger wafer-size scaling. Cu and/or low k materials are generally selected in order to reduce RC delays in damascene process integration. Cu has been selected primarily to reduce the resistivity of metal. Although Ag is nominated as metal after Cu, no report has been published to date on the use of Ag in actual production. Several low k materials have been studied to reduce the dielectric constant, such as non-organic, organic, dense and porous etc. In addition, the particular device construction, such that the cap layer only is on metal, should help to reduce the effective dielectric constant. Co-W-P 1) is reported as one of the cap material candidates for Cu. Ni-B is proposed herein as the cap material for Cu and Ag. Electroless plating method is adopted in order to deposit selectively only on the Ag metal interconnect. The requirements on the cap layer are (1) selectivity only on the metal interconnect, (2) fine control capability of deposition rate, (3) barrier effects through the thermal process, and (4) no alkaline agent in plating chemicals etc. The Ni-B cap layer in this paper satisfies all requirements. In addition, damascene interconnects with Ag metal and a Ni-B cap layer were also formed as part of the trial effort. Figure 1 shows the damascene construction of Cu metal with Si-N layer on the left, and Ag metal with cap layer on the * This Paper was Originally Published in Japan Institute of Electronics Packaging, 5 (2002) 58-63. right. Since it is believed that Si-N may increase the dielectric constant value in the case of the configuration shown on the left, a cap layer may be required only on Cu or Ag metals. The general damascene process for forming the Ag interconnect and cap layer involves the following steps:
Requirements and Construction of Cap Layers

Construction of cap layers in damascene design
(1) an interconnect trench is etched by RIE (2) a barrier metal (Ex. Ti-N) is deposited by sputtering (3) an electrode layer (such as Cu) is deposited by sputtering (4) an Ag metal layer is deposited by electrochemical plating (5) the Ag metal layer is polished off by CMP (Chemical Mechanical Polishing) (6) a cap layer is deposited by electroless plating
The requirements of a cap layer
The following features are required for a cap layer, (1) Selectivity for a specific metal: Electroless plating was adopted for the deposition of the cap layer since restricted selectivity for Ag was desired. (2) Less alkaline metal materials: In semi-conductor devices, it is preferable to avoid using alkaline metal mate- rials. Thus, DMAB (Dimethylamine borane) is adopted as a reducing agent, although sodium hypophosphite would generally be used otherwise. (3) Barrier effect: Since the semi-conductor device is exposed in several thermal processes, ensuring the barrier effect to avoid diffusion in the dielectric layer is required, i.e. thermal stability. (4) Controllability of deposition rate: Thinner cap layers are preferred, as long as the barrier effect can be maintained. The deposition rate must be decreased as compared to industrial plating processes.
Experimental Method
Test pieces are made as shown on 3.1, which have same configuration as an actual device. The cap material Ni-B is plated on these test pieces with the condition as shown on 3.2. Polarization features are measured to confirm plating basic performances as shown on 3.3. In order to confirm the barrier effect, test pieces are heated as shown on 3.4. In order to examine the mechanism of the barrier effect, element analysis is made as shown on 3.5. 
Test piece configuration: See
Plating conditions
Electroless plating of Ni-B was used due to its selective performance with respect to metal. DMAB was selected as the reducing agent.
2) Reports had indicated that Ni-B is crystalline if the B content is less than 10 at%, and amorphous if B content is not less than 10 at%.
3) The chemical contents are listed in Table 1 . In addition to main components listed in Table 1 , several additives are included. 
Thermal treatment
Test piece is tested under the condition of 400
3.5 Element analysis B contents are measured by ICP (Auger Electron Spectroscopy). Barrier effect is measured by AES (Inductively Coupled Plasma). Crystallization is measured by XRD (XRay Diffraction).
Results and Discussion
Deposition rate
Control of the deposition rate is a crucial factor affecting the cap layer. The thinner the deposits, the better, as long as the barrier effect is maintained. Thus, the targeted standard deposition rate is 100 to 200 nm/min, keeping the B content between 2 at% and 6 at%. Key parameters affecting the deposition rate are pH and temperature. First of all, the relationship between deposition rate and B content to pH is shown in Fig. 3 . We were able to confirm that the deposition rate increased at pH levels up to 6, but decreased from pH 6 to 8. pH is controlled by ammonia. If pH 10 were adopted, the deposition rate would be around 200 nm/min and the B content less than 10 at%. Accordingly, a pH level of 10 was adopted. Next, the relationship of deposition rate and B content to temperature is shown in Fig. 4 . It was confirmed that the deposition rate increases with temperature, while the B content was kept below 3% at a pH of 10. Based on these results, pH 10 and 353 K were adopted as standard conditions for electroless plating.
Polarization measurement
In order to confirm the basic nature of electroless plating, anode and cathode polarization were measured. Anode polarization measurements are shown in Fig. 5 , and cathode polarization measurements are shown in Fig. 6 . As shown in Fig. 5 , the oxidization current of DMAB to Ag could be obtained at a more non-noble side by adding ammonia to increase pH. The cathode current voltages in the case of ammonia and NaOH at 353 K are shown in Fig. 6 . It was confirmed that reducing current to Ag of ammonia case is obtained at more non-noble side. Given these results, the plating conditions were set at 
Barrier performance
Element analysis before and after thermal treatment was undertaken for the surfaces and below the surface by AES. It was confirmed in the case of Ni-B with 3.2 at% that Cu and Ag could not be detected on the surface after anneal from Fig. 7 , and Cu diffused into the Ag metal layer as shown on Fig. 8, i. e. Ni-B with 3.2 at% has a barrier effect against Cu and Ag. It was also confirmed in the case of Ni-B with 13.5 at% that Cu was detected and Ag was not detected on the surface after anneal from Fig. 9 , and that Cu diffused into the Ag metal layer as shown on Fig. 10, i. e. Ni-B with 13.5 at% does not have a barrier effect against Cu. The results are shown in Table 2 . 
Crystal structure
An analysis of the crystal structure is shown in Fig. 11 (Ni-B: B 3.2 at%, 150 nm) and Fig. 12 (Ni-B: B 13.5 at%, 300 nm). Ni-B (Ni-B: B 3.2 at%, 150 nm) had a crystalline structure Ni(111) and Ni(200) before and after thermal treatment. However, Ni-B (Ni-B: B 13.5 at%, 300 nm) was confirmed to have an amorphous structure before treatment and a crystalline structure Ni(200) + Ni 3 B afterwards. The results are shown in Table 3 .
Barrier effect
It was confirmed that the Ni-B layer with a reduced B content, such as 3.2 at%, exhibited a crystalline structure before and after thermal treatment and that B was concentrated near the layer boundary between the Ag and Ni-B layers. It was assumed that the B concentrated near the layer boundary also existed in the grain boundary, and that this B interfered with the Cu diffusion in the grain boundary. On the contrary, in the case of Ni-B with a higher B content such as 13.5 at%, its structure changed from amorphous before thermal treatment to crystalline afterwards. It is assumed that Cu was diffused through the grain boundary created during this phase change.
Cap layer on damascene interconnects
Damascene interconnects of Ag and cap layer of Ni-B were formed and are shown in It was confirmed that Ni-B was deposited selectively on Ag metal.
Conclusions
(1) We confirmed that a Ni-B layer could be selectively deposited on Ag metal by the electroless plating method, using DMAB as the reducing agent.
(2) A deposition rate of 150 nm/min and B content of 3.2 at% are obtained under conditions of pH 10 and temperature of 353 K.
(3) It was confirmed that a Ni-B layer with 3.2 at%B content provides a barrier effect that prevents Ag and Cu diffusion through thermal processes. In this case, Ni-B remained crystalline before and after a thermal process.
(4) It was confirmed that a Ni-B layer with 13.5 at%B content does not provide a barrier effect that would prevent Cu diffusion through thermal processes. In this case, the structure of Ni-B changed from amorphous before to crystalline after the thermal process.
(5) Damascene interconnects with Ag metal and Ni-B cap layer were formed as part of a trial effort.
